Because few anthelmintics are effective against nematodes, the diseases caused by the migration of nematodes into human tissues are usually very difficult to cure. Many known agents are effective only against nematodes living in the gastrointestinal tract. In certain important nematodiasis, infectious larvae migrate to human tissues such as the liver, lungs, heart, eyes, brain, or muscles through blood vessels, causing the characteristic persistent hypereosinophilia, hypergammaglobulinemia, hepatomegaly and pneumonitis. In very serious but rare cases, the hosts are killed. The development of a remedy is thus a pressing need. To find new anthelmintics against parasites living in host tissues, we used an in vitro screening assay to define the nematocidal activity of plant derivatives on larvae of the dog roundworm, Toxocara canis, the most common pathogenic parasite of visceral larva migrans. To evaluate the efficacy of anthelmintics in vitro, Tsuda et al. introduced the concept of Relative Mobility (RM) of T. canis larvae.
Inhibitory Effect of Isoquinoline Alkaloids on Movement of Second-Stage Larvae of Toxocara canis
To find new anthelmintics against parasites living in host tissues, we used an in vitro assay to screen isoquinoline alkaloids for nematocidal activity on the larva of dog roundworm, Toxocara canis. To evaluate the efficacy of anthelmintics in vitro, Tsuda et al. previously introduced the concept of Relative Mobility (RM) of Toxocara larvae. After improvement of the assay system using image data processing, we generated a new index, RM 50 , the concentration at which RM‫.%05؍‬ However, except for pyrantel, the RM 50 of most existing anthelmintics could not be calculated because of low activity. Of the isoquinoline alkaloids tested, emetine, sanguinarine, 6-methoxydihydrosanguinarine (6-MS), chelerythrine and berberine showed strong nematocidal activities. However, these compounds were highly cytotoxic; thus, the prospect of their direct application is low. We then tested the cytotoxicity (IC 50 ) of other isoquinoline alkaloids in HL60 tissue-culture cells. We continued our search for new anthelmintics by examining in detail the relationship between RM 50 and IC 50 . We determined that an ideal target compound would exhibit a low RM 50 /IC 50 ratio. Allocryptopine, dehydrocorydaline and papaverine were identified as potentially effective anthelmintics.
tained from Sigma.
Second stage larvae of T. canis were collected by a previously described method and kept in Eagle's MEM1 medium (Nissui Pharmaceutical) at 37°C.
1) The medium was changed weekly. Under these conditions, larvae of appropriate age are readily available for the assays and the culture can be maintained for roughly 2 years.
Nematocidal activity was determined according to a previously described method.
1) The test compounds were dissolved in a small volume of dimethyl sulfoxide (DMSO), which was diluted in 0.75% saline to 2% (v/v). For one assay, 20 second-stage T. canis larvae were incubated with a test solution in a 96-well flat-bottom plate at 37°C, and the behavior of the larvae was observed under a microscope at 24 h after the start of incubation. All assays were repeated four times. Nematocidal activity was evaluated in terms of RM: a lower RM indicates stronger nematocidal activity, and when all the larvae die, the RM is zero. RM 50 was calculated using a calibration curve. This enabled us to easily compare the potency of the compounds over a wide concentration range.
HL60 cells were obtained from the RIKEN Cell Bank. These cells were maintained in RPMI 1640 medium (GIBCO RBL) containing 10% fetal bovine serum (Sanko Junyaku) supplemented with L-glutamine, 100 units/ml penicillin (Meiji Seika), and 100 mg/ml streptomycin (Meiji Seika). HL60 cells were washed and resuspended in the culture medium at 3ϫ10 4 cells/ml, and 196 ml of this cell suspension was placed in each well of a 96-well flat-bottom plate. The cells were incubated in 5% CO 2 /air for 24 h at 37°C. Test compounds were diluted in EtOH-H 2 O (1 : 1) to final concentrations of 0.01-100 mmol/l, depending on the compound's solubility. After incubation, 4 ml of these dilutions were added to the test wells, and 4 ml of EtOH-H 2 O (1 : 1) was added into the control wells. The cells were incubated for 72 h in the presence of each agent, and cell growth was evaluated using a modified 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetazolium bromide (MTT) reduction assay. 13) Briefly, after termination of the cell culture, 10 ml of 5 mg/ml MTT in phosphate-buffered saline (PBS) was added to each well, and the plate was incubated in 5% CO 2 /air for 4 h at 37°C. The plate was read on a microplate reader at 550 nm. A dose-response curve was plotted for compounds that showed more than 50% cell growth inhibition at a sample concentration, and the concentration causing 50% inhibition (IC 50 ) was calculated. The IC 50 was derived from the mean of three replicates.
RESULTS AND DISCUSSION
We examined the nematocidal activity and cytotoxicity of several isoquinoline alkaloids and compared them with existing anthelmintics. RM values of the compounds were compared at 24 h at the highest concentration practical. We also evaluated nematocidal effects by comparing the RM 50 values. Each isoquinoline alkaloid or anthelmintic was tested, and activity was examined 24 h after addition of the compounds. We were unable to calculate the RM 50 values at any time point for any of the anthelmintics except pyrantel pamoate. However, pyrantel pamoate (means of RM 50 ϮS.D.: 46Ϯ3 mmol/l) is effective only against an intestinal tract parasite and not against migrating larvae. These results demonstrate the difficulty in identifying an effective remedy for larva migrans. Of the isoquinoline alkaloids, particularly strong nematocidal activity was observed for chelerythrine (28Ϯ2), 6-MS (18Ϯ1) and sanguinarine (58Ϯ3) (Fig. 1) . However, these compounds exhibit high cytotoxicity activity, and their effects in vivo are uncertain. New anthelmintics cannot be selected based on their nematocidal activity alone. Next, moderate nematocidal activity was observed in 6-MC (419Ϯ 38), allocryptopine (349Ϯ70), dehydrocorydaline (295Ϯ 8), berberine (393Ϯ10), emetine (109Ϯ29), papaverine (250Ϯ23) and CPDD (2100Ϯ284). On the other hand, no nematocidal activity was observed in isoquinoline alkaloids: dchelidonine, oxysanguinarine, protopine, coptisine, d-corydaline, l-stylopine, l-tetrahydrocolumbamine and dl-tetrahydropalmatine, anthelmintics: thiabendazole, albendazole, ivermectin, diethylcarbamazine, piperazine, kainic acid and santonin, and cytotoxycity agent: etoposide in the judgment standard of RM 50 .
In an attempt to identify compounds with low toxicity in vivo, we determined IC 50 values using tissue-culture cells HL60 in the above mentioned nematocidal compounds (Fig.  2) . Strong cytotoxicity activity was not observed in allocryptopine (means of IC 50 ϮS.D.: 48Ϯ9 mmol/l), dehydrocorydaline (19Ϯ1), or papaverine (14Ϯ0) as in pyrantel pamoate. These compounds will become lead chemical compounds in the search for a remedy. There was similarly high cytotoxicity with CPDD (0.2Ϯ0.03) in chelerythrine (0.2Ϯ0.02), 6-Vol. 25, No. 12 There is no drug for larva migrans by T. canis etc. Albendazole, though it demonstrates some therapeutic effect, 14) has weak action against the larva mentioned above. Therefore, pyrantel, with strong action on the larva, was used as a positive control. We examined the relationship between RM 50 and IC 50 in greater detail in an attempt to improve the identification of new anthelmintics (Fig. 3) . In this theory, a compound with an IC 50 value that is much higher than its RM 50 value would exhibit nematocidal activity without cytotoxicity. In screening isoquinoline alkaloids using Strongyloides ratti and S. venezuelensis, this approach has been reported. 15) Pyrantel pamoate (means of RM 50 /IC 50 : 0.5) showed the lowest RM 50 /IC 50 ratios. Next, allocryptopine (7), dehydrocorydaline (16), and papaverine (17) showed low RM 50 /IC 50 ratios. So allocryptopine, dehydrocorydaline, and papaverine will be the candidate anthelmintics. The structural correlation could not be recognized. On the other hand, the ratios of 6-MC (1881), emetine (4127), and CPDD (8618) were very high throughout this experiment.
The RM 50 /IC 50 ratios offered better differentiation than RM 50 only. The present method should be able to help develop a new drug. Since the its permeability is bad, pyrantel pamoate is effective against the intestinal parasite only. In vivo experiments are necessary in order to investigate permeability etc. by adding to the anti-nematode activity. An in vivo experiment is progressing at present. 
